Objective To determine the incidence, severity and nature of injuries sustained during the Rugby World Cup (RWC) 2015 together with the inciting events leading to the injuries. Design A prospective, whole population study. Population 639 international rugby players representing 20 countries. Method The study protocol followed the definitions and procedures recommended in the consensus statement for epidemiological studies in rugby union; output measures included players' age (years), stature (cm), body mass (kg) and playing position, and the group-level incidence (injuries/1000 player-hours), mean and median severity (days-absence), location (%), type (%) and inciting event (%) for match and training injuries.
INTRODUCTION
Full-contact team sports, such as rugby union, rugby league, ice hockey, lacrosse, Australian rules football and American football, have higher incidences of injury than non-contact and semicontact team sports. It is important that the governing bodies of these sports proactively manage the injury risks associated with every aspect of their sport. World Rugby (WR), the international governing body for rugby union (rugby), and many Member Unions have established risk-based approaches to the management of rugby injuries. A driving force behind this approach is a longterm strategic plan in which 'Drive player welfare best practice' is one of WR's key organisational objectives. 1 An important aspect of the WR strategy is the transparent approach adopted for all injury-related issues. WR presents an annual medical conference, at which representatives from Member Unions are updated on player welfare issues and where the representatives can raise and discuss medical issues with their peers. Second, WR supports a Rugby Science Network, which is an independent group interested in developing all aspects of the science, medicine and practice of rugby. 2 Injury surveillance studies are implemented at all international competitions and form a fundamental part of the WR player welfare strategy, 3 as the results from these studies support WR's evidencebased player welfare initiatives and research plans. The largest of the WR competitions is the men's Rugby World Cup (RWC), which has been contested every 4 years since 1987: results from surveillance studies conducted at RWCs 1995 RWCs , 2003 RWCs , 2007 and 2011 have been reported previously. [4] [5] [6] [7] At RWC 1995, injuries were included if a player sustained a laceration or was required to leave the field of play for the remainder of the game; at RWC 2003, injuries were included if the injury caused a player to leave the field and/or miss a subsequent game. To ensure consistency in the definitions and procedures used in future injury surveillance studies, WR (then named International Rugby Board) convened a Rugby Injury Consensus Group in 2006 to develop a consensus protocol for injury surveillance studies in rugby. Since the publication of the 2006 protocol, 8 all WR injury surveillance studies have followed the recommendations presented in the consensus statement.
The aim of this study was to maintain the WR injury surveillance programme implemented at previous RWCs and to report on the anthropometric characteristics of elite players. A secondary aspect of the study was to compare the results obtained at RWC 2015 with those obtained at RWCs 2007 and 2011 in order to identify trends in the risk of injury.
METHODS
The study took place over a 7-week period: starting on Monday, 14 September 2015, with the first game taking place on Friday, 18 September, and finishing when the final game had been played on Saturday, 31 October 2015. The majority of games were played in England, but eight games were played in Wales. Definitions and procedures incorporated in the study protocol were consistent with the international consensus statement on injury surveillance studies for rugby, 8 and were the same as those used for the RWC 2007 and 2011 studies. 6 7 Six weeks prior to the start of the competition, each country taking part in RWC 2015 received an injury surveillance manual that outlined the aims of the study and presented the definitions, procedures and report forms required to implement the study.
Baseline information (normal playing position; date of birth; stature (cm); body mass (kg); dominant leg and arm) was obtained for every player taking part with relevant data reported as means (SD). Match exposures were calculated for each country based on 15 players (backs: 7; forwards: 8) being exposed for 80 min per game; no allowances were made for players temporarily (medical treatment) or permanently (yellow or red cards) missing during a match. No matches required extra time to be played during the competition. Training exposures were recorded for each country based on the number of players (backs, forwards) attending team training sessions and the number, length (minutes) and structure ( preparation: warm-up, cool-down; rugby skills: full-contact, semicontact, non-contact; conditioning: weights, non-weights; other activities) of the sessions.
WR's Institutional Ethics Committee approved the study and all players taking part in RWC 2015 provided consent for their data to be included. The injury definition used in the study was: 'Any physical complaint sustained by a player during a RWC match or training session that prevented the player from taking a full part in all training activities or match play for more than 1 day following the day of injury, irrespective of whether match or training sessions were actually scheduled'. 8 The definition of an illness was: 'Any medical condition sustained during the period of the RWC 2015 that prevented the player from taking a full part in all training activities and/or match play for more than 1 day following the day of onset of the illness'. When necessary, injuries and illnesses were followed up for 3 months after the final match of the tournament to obtain actual return-to-play/training dates: beyond this time, team physicians provided an estimated return to training/play date based on their knowledge and experience and the player's condition at that time (12 injuries). Return-to-play dates for players were checked against RWC team sheets during the tournament and post-tournament against the player's club team sheets, when these were available on the club's web site. Injuries were reported as recurrences on the basis of the clinical judgement of the player's medical team using the definition: 'An injury of the same type and at the same site as an index injury and which occurred after the player's return to full participation from the index injury'. 8 National team physicians/physiotherapists were responsible for reporting the details of injuries and illnesses, including date of injury/illness, date of return to play/training, location, type, Orchard Code, 9 recurrence and use of diagnostic tests and invasive procedures, together, where appropriate, with risk factors such as playing position, starter/replacement, period of match (0-20, 20-40+, 40-60 and 60-80+ min), activity at time of injury and removal from play. Incidences of injury are reported separately for matches and training as the number of injuries/1000 player-hours of exposure together with 95% CIs; severities of injury are reported as the mean and median (days; 95% CI) values and grouped within the severity categories of minimal (2-3 days), mild (4-7 days), moderate (8-28 days) and severe (>28 days). 8 Differences in anthropometric data were assessed using unpaired t-tests, in numbers of injuries using χ 2 tests, in incidence and mean severity of injuries using z-tests and in median severity of injuries using Mann-Whitney U tests. 10 Cross-tournament trends (RWCs 2007 (RWCs , 2011 (RWCs , 2015 were assessed using linear regression analyses (StatPlus:mac:2009) of the tournament parameter values against time and the slope of the regression line and the p value are reported. 10 Owing to the number of hypotheses tested in this study, statistical significance was accepted at p<0.01 values.
RESULTS

Anthropometric characteristics of players
Six hundred and thirty-nine players (backs: 279; forwards: 360) took part in the study and provided baseline information: No player sustained a catastrophic or career-ending injury during the tournament. Nine illnesses were reported, of which six were gastrointestinal infections, two were upper respiratory tract infections and one was a genitourinary infection. Because of the small number of illnesses recorded, no further analysis of these data was undertaken. The incidences and mean and median severities of match and training injuries for backs and forwards are presented in table 2: injuries are also reported as proportions within the four grouped severity values in table 3. In total, 5438 player-days were lost from matches and training as a consequence of injury (match injuries: 5151; training injuries: 287). Of the 173 match injuries, 90.8% were acute (backs: 90.0%; forwards: 91.6%; p=0.722) and 9.2% gradual-onset (backs: 10.0%; forwards: 8.4%); of the 20 training injuries, 82.9% (forwards: 82.6%; backs: 83.3%) were acute and 17.1% gradual-onset (forwards: 17.4%; backs: 16.7%).
The proportions of match injuries sustained as functions of location and type of injury are presented in tables 4 and 5.
The six most common match injuries sustained and the six match injuries leading to the most days-absence are shown in (1) and posterolateral complex (1) . As a consequence of their match injuries, 34.1% of players (backs: 29.5%; forwards: 39.2%) were removed from play immediately, 25.7% (backs: 31.8%; forwards: 19.0%) were removed later in the game and 40.1% (backs: 38.6%; forwards: 41.8%) remained on the pitch until the end of the game. Of the 24 concussions reported, 18 players were removed from play immediately and subsequently confirmed to be concussed, the remaining 6 players presented with symptoms and signs of concussion postgame.
Of the 20 training injuries, 1 was sustained to the head/neck, 1 to the upper limb, 2 to the trunk and 16 to the lower limbs; 1 of the training injuries was a concussion (which was identified during the session and the player was removed immediately), 6 were joint (non-bone)/ligament injuries, 12 were muscle/tendon injuries and 1 was a skin injury. More detailed analysis of the nature of these training injuries was not undertaken due to the relatively small number of training injuries reported.
Risk factors for match and training injuries
There were no significant differences in the age (p=0.110-0.803), stature (p=0.263-0.920) or body mass (p=0.064-0.968) of injured players when compared to the sample population, as a function of playing position. There were also no significant differences in the game quarters (all players: p=0.507; backs: p=0.252; forwards: p=0.041) or the game halves (all players: p=0.443; backs: p=0.831; forwards: p=0.377) in which match injuries were sustained (table 7) .
Contact events were the main inciting events for all matches (contact: 76.0%, 95% CI 69.6% to 82.4%; non-contact: 24.0%, 95% CI 17.6% to 30.4%) and all training (contact: 70.0%, 95% CI 49.9% to 90.1%; non-contact: 30.0%, 95% CI 9.9% to 50.1%) injuries, as shown in tables 8 and 9.
In order to assess for potential trends in key injury parameters, table 10 provides a summary of the players' anthropometric data and the main match injury results from this study together with the results obtained for the 2007 and 2011 RWCs. 6 7 
DISCUSSION
There were no statistically significant differences in the anthropometric measurements of backs and forwards at RWC 2015 compared to the values reported previously for RWCs 2007 and 2011; 6 7 however, there was a non-significant trend indicating that inside backs were becoming taller ( p=0.019) and heavier ( p=0.062). There has been a non-significant increasing trend in the incidence of injury for backs ( p=0.075) since RWC 2007: in particular, there is a non-significant increasing trend in the incidence of injury for inside backs (p=0.040) and a significant decreasing trend in the incidence of injury for back row forwards (p=0.001). Inside backs and back row forwards remain the back and forward playing positions with the highest incidences of injury. There are continuing non-significant downward trends in the incidences of all training injuries ( p=0.020) and training injuries for backs ( p=0.145) and forwards (p=0.116) over the period RWC 2007 through RWC 2011 to RWC 2015. 6 7 The increase in the mean severity of match injuries previously reported for RWC 2011 has continued with a further increase observed during RWC 2015 ( p=0.066). 7 The median severities of injury, however, do not show similar increases, which implies that the increase in the mean value is related to a small increase in the number of more severe injuries, as these would have a larger effect on the mean severity value. This is confirmed by the proportion of injuries falling within the severe injury category, which has increased from 18.0% in RWC 2007 through 21.1% in 2011 to 26.0% in RWC 2015 ( p=0.082). The reason for the overall increase in injury severity cannot be determined from this study, but it is likely to reflect a number of factors, including (1) the increased number of severe injuries, (2) a possible increase in the severity of a few specific injuries and (3) possibly longer, more conservative return to play protocols being implemented for some types of injury. This issue justifies further investigation, as a similar trend in injury severity has also been reported recently in England at the elite club level.
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Linked to the increasing severity is an increase in total days-absence as a consequence of match injuries at RWC 2015 (5151 player-days-absence), which represents a 28% increase compared to RWC 2011 (4020 player-days-absence) and a 117% increase compared to RWC 2007 (2369 player-daysabsence). 6 7 The downward trend in the mean severity of all While the number of knee ligament injuries sustained at RWC 2015 (n=17) was similar to the numbers at RWC 2011 (n=14) and RWC 2007 (n=16), the days-absence as a consequence of these specific injuries increased by 32% compared to RWC 2011 and threefold compared to RWC 2007. 6 7 In terms of reducing the overall injury burden on RWC teams, the nature, consequences and inciting events leading to knee ligament injuries are issues worthy of further investigation. Current interest in rugby is heavily focused on concussion and there was an increase in the proportion of concussion injuries reported at RWC 2015, rising from 3% at RWC 2007 through 9% at RWC 2011 to 14% of reported injuries at RWC 2015. At RWC 2015, World Rugby implemented a concussion management approach that augmented the normal match day concussion identification process with real-time video reviews, by independent doctors, of any event that had the potential to cause concussion. This development, linked with a continued focus on concussion awareness, and mandatory training of players, coaches, doctors and referees have all contributed to the rise in the number of concussions reported at RWCs. A full discussion and evaluation of WR's RWC 2015 concussion management approach is presented separately ( [submitted].) Despite the focus being on concussion, ligament sprains and muscle strains remain the major source of player-days-absence and these injuries should not be overlooked when reviewing and developing injury prevention strategies in rugby.
Inside backs and back row players remained the back and forward positions with the highest incidences of injury, but while the incidence of injury for inside backs increased from RWC 2007 through RWC 2011 to RWC 2015 ( p=0.045), the incidence of injury for back row forwards has decreased over the same period ( p=0.001). The tackle remained the highest risk match activity for backs (52.3%) and forwards (39.1%); backs were again more likely to be injured when being-tackled, while forwards were more likely to be injured when tackling. Running (backs: 18.2%; forwards: 18.3%) remained the second highest risk activity for backs and forwards. There were no statistically significant differences in these risks when compared to similar activities at RWCs 2007 and 2011, although there were non-significant increasing trends in the proportions of tackling injuries for backs ( p=0.238) and running injuries for forwards (p=0.210). 6 7 Skills-full-contact and skills-semicontact training activities were responsible for most training injuries sustained by backs (62.5%) and forwards (75.0%), but these training activities only made up ∼20% of the players' total training time. This study has a number of strengths: in particular, it is a prospective study that complies with the recommendations of the international consensus statement on injury surveillance studies in rugby. It is a whole population study that provides full descriptions of the study and the injured populations in terms of playing position, age, stature and body mass. All illnesses and match and training injuries sustained during the 7-week period of RWC 2015 were diagnosed and reported by qualified, team doctors and physiotherapists using a standard injury reporting system and all illnesses and injuries were followed up post-tournament in order to obtain the best possible final diagnoses together with players' actual return to play dates. Injuries and illnesses were reported on a weekly basis to provide an ongoing database of all injuries, but the final diagnoses were provided only when the players had completed their treatment and rehabilitation and the players had returned to training and match play. *Skills-full-contact: rugby skills training involving player-to-player contact; Skills-semicontact: rugby skills training involving contact through the use of, for example, scrum machines and tackle pads but not involving player-to-player contact; Skills-non-contact: rugby skills training with no intended contact. What are the findings?
▸ The overall incidence of injury at RWC 2015 was similar to that at RWC 2007 and RWC 2011, but the incidence of injury for backs was 25% higher than for forwards. In conclusion, the results from this study confirm a high incidence and severity of injury within international rugby. The incidence, nature and inciting events for injuries at RWC 2015 were broadly similar to those reported for RWC 2007 and RWC 2011, but the increasing mean severity and total days-absence raises questions about whether there has been a change in the nature and possible complexity of knee injuries.
